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(54) Electrochromic device 

(57) The electrochromic device which has an ion conductive layer obtained by curing a composition comprising (a) 
a bipyridinium compound represented by formula (1), (b) a specific amine compound and (c) a precursor component 
of a polymeric solid electrolyte, disposed between two electrically conductive substrates at least one of which is trans- 
parent, o 
said formula (1 ) being 




wherein X- and Y- are the same or different and are each independently a counter anion selected from the group 
consisting of an halogen anion, CI0 4 -, BF 4 -, PF 6 -, CH 3 COO- and CH 3 (C 6 H 4 )S0 3 - l R 1 is hydrogen or a C 1 - C 5 alkyl 
group, R 2 is a C 1 - Cqq divalent hydrocarbon or oxygen-containing hydrocarbon group, R 3 is a - hydrocarbon 
or oxygen -containing hydrocarbon group and a is an integer of 0 or 1. 
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Description 
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involvement of technique under vacuum conditions. electrochromic compound such as viofogen 

I0 003] Ithasbeenproposedtoprcduceachrom^ 

Lnd an electron donating compounds in combmatico ^^'j^S ^in ,oran electrochromic 
[0004] For example. Japanese LaidOpen Patent I P"^ at ™ l^tSSen and an electron donating com- 
aevice which is obtained by dissaving , an e.e c ^™^^^ device is deteriorated 

pound inasuitab.e solvent. However, ^"f^P^^ 1 ^^^^ wlvent. is easily dimerized. leading to 
in electrochromic performances since v^.ogen wh.ch ^VP^ « • J devjce 

precipitation. Furthermore, there is a risk that he J^™^ ^cnromogenic layer produced by dis- 
[0005] Japanese Laid-Open Patent Publ.cat.on No. 7-70218 disc ° ^ * s <^ ' co °u nd in a polymer with the aid 

Sg throughTe substrate of the device, leading to the shortened lifet.me hereof. 
SUMMARY OF THE INVENTION 

[0007] After an extens^e research and study, it has been found that the foregoing probfems can be overcome by an 
electro***!* device having a sl ^^X^ n there is provid ed an electrochromic device having an ion 



being 

R 



45 



(i) 

lormula (2) being 



f 4 f ? ? (2) 

H 2 C=C-f R'^N- Ar!— N- R 8 

ss v^reinR-ishydrogenoraC^C^^^ 
formula (3) being 
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R 9 



H 2 C=C-(-R I0 )^N 




(3) 



wherein R 9 is hydrogen oraC r C 5 alkyl group, R 10 is a C-, - C 1S hydrocarbon residue, c is an integer of 0 or 1, R 11 
and R 12 may be the same or different and are each independently hydrogen oraC, - C 20 hydrocarbon residue and 
is R 13 is hydrogen or a - C 20 hydrocarbon residue. 

[0009] According to the other aspect of the present invention, there is provided an electrochromic device having the 
ion conductive layer obtained by curing the composition further containing (d) an ultraviolet absorbing compound having 
an ethylenic double bond. 

20 BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] FIG. 1 is a cross -sectional view showing the structure of an electrochromic device according to the present 
invention. 

[0011] FIG. 2 is a cross -sectional view showing the structure of an electrochromic smart window glass according to 
25 the present invention. 

[0012] FIG. 3 is a cross-sectional view showing the structure of an electrochromic mirror according to the present 
invention. 



PREFERRED EMBODIMENTS OF THE INVENTION 



[0013] The electrochromic device according to the present invention is comprised of two electrically conductive sub- 
strates. The term "electrically conductive substrate" refers to a substrate having a function as an electrode. Therefore, 
the electrically conductive substrates used herein encompass those made from electrically conductive materials and 
those obtained by laminating an electrically conductive layer over one or both surfaces of a non -electrically conductive 
35 substrate. No matter whether the substrates are electrically conductive or not, it is required to have a smooth surface 
at normal temperature. The surface; however, may be flat or curved as well as deformable under stress. 
[0014] At least one of the electrically conductive substrates is transparent and the other may be transparent or opaque 
or may be a reflective electrically conductive substrate which can reflect light. 

[0015] Generally, a device having electrically conductive substrates both of which are transparent is suitable for 
40 displays and smart windows glasses. A device having a electrically conductive transparent substrate and an opaque 
one is suitable for displays. A device having a transparent electrically conductive substrate and a reflective one is 
suitable for electrochromic mirror. 

[0016] The transparent electrically conductive substrate may be produced by laminating a transparent electrode 
layer over a transparent substrate. The term 'transparent* 1 denotes optical transmission ranging from 1 0 to 1 00 percent. 
<s [0017] No particular limitation is imposed on a material of the transparent substrate, which may be color or colorless 
glasses, reinforced glasses or color or colorless transparent resins. Specific examples of such resins are polyethylene 
terephthalate, polyethylene naphthalate, polyamide, pofysuffone, polyether sulfone, polyether etherketone, polyphe- 
nylene sulfide, polycarbonate, polyimide, polymethyl methacrylate and polystyrene. 

[0018] The transparent electrode layer may be a metal thin film of gold, silver, chrome, copper and tungsten or an 
so electrically conductive thin film of metal oxides. Specific examples of the metal oxides are ITO (In 2 0 3 -Sn0 2 ), tin oxide, 
silver oxide, zinc oxide and vanadium oxide. The film thickness is usually within the range of 10 to 500 nm, preferably 
50 to 300 nm. The surface. resistance of the film is within the range of usually 0.5 to 500 Q/crrP, preferably 1 to 50 Q/ 
cm 2 . Any suitable method of forming a transparent electrode layer may be employed depending on the type of metals 
and / or metal oxides constituting the electrode. The transparent electrode layer may be formed by vacuum evaporation, 
55 ion-plating, sputtering and a sol-gel method. 

[001 9] For the purpose of imparting oxidation-reduction capability and electric double layer capacitance and improv- 
ing electric conductivity, an opaque electrode activator may be partially applied to the surface of the transparent elec- 
trode layer. The electrode activator may be a metal such as copper, silver, gold, platinum, iron, tungsten, titanium and 
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and lr 2 0 3 and a mixture thereof. ^rtmde laver it is necessary not to harm the 

thin film. . . . j| H„niv« substrata mav be produced by substituting the transparent substrato of 

E2J2Sjrss sss — ™LJ. - - «..<.«. — . — •« — * 

SKf ve,t live piate" or "reflective layer" denotes a substrate ha*ng a mirror surface or a thin film which 



55 



) 40 



the formula 



so 



o '' x - Y " 

groups, among which methylene group is particularly P'f e "** _ , ene or subs tituted arylene 

[0032] R 3 is a monovalent hydrocarbon residue having 1 to 20 P™"™™** ° 1 Therefore me monovalent hydro- 
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groups. Specific examples of the alkyi groups are methyl, ethyl, i-propyi, n-propyi, n-butyl, t-butyl. n-pentyl, n-hexyl, 
cyclohexyl, n-heptyl, n-octyl, benzyl and vinylbenzyl groups. 

[0033] Alternatively, R 3 formula (1 ) may bo an oxygen-containing hydrocarbon groups represented by the formula 




10 

or 



-{ R "~°~)~b- R c> 

wherein R* is as defined with respect to R 2 in formula (1), R is as defined with respect to R 1 in formula (1), R" is an 
alkylene group having 2 to 5, preferably 2 to 3 carbon atoms, such as ethylene, trimethylene and propylene groups, 
20 a' is an integer of 0 or 1 , b' is an integer of 1 to 5, preferably 1 or 2. 
a in formula (1 ) is an integer of 0 or 1 . 
[0034] If R 3 is an oxygen-containing hydrocarbon group of formula (a), Component (A) has carbon-carbon double 
bonds at both terminal ends, as represented by the formula 




wherein X- and Y- may be the same or different and are each as defined in formula (1 }, R 14 and R 17 may be the same 
or different and are each as defined with respect to R 1 in formula (1), R 15 and R 16 may be the same or different and 
are each as defined with respect to R 2 in formula (1 ) and d and e may be the same or different and are each as defined 
with respect to a in formula (1). 

[0035] Specific examples of Component (A) are as follows: 



45 



H.C=CH 




CH- 



cio 4 



CIO, 



H-C=CH- 




CH : -N C^j) \CZ) N * -CH :~( CH -~)~? CH " 
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:h 2 — n (^T> — vO/ N " CH: 



CH;CH, 



10 



15 



H^C=CH- 




20 



HnC=CH- 




CH; — N (^Y> O^) N-CH 2 -^-CH 2 -^-CH-, 



BF4 



BF 4 



2S 



BF7 BF, 



35 



H ,C=CH- 




CH 2 OCH 2 CH 2 -N^^ CH 2 -(-CH2-)rCH3 

CIO4" 



CIO j 



H-.C=CH- 




CHnOCH->CH- 




so 



55 



H.C^CH 




CH,OCH 2 CH,-N / Q) ^N-fCH : CH : 0^ CH, 



BF 4 



BF 4 
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H-^C — CH 




H:OCH:CH 2 -N0- <0 N+ ~ CH2 "^0 > 




to 



H .C=CH 




CH : OCH 2 CH 2 — N X^)j 
BF 4 " 



II " 

CHnCH 2 OC— C— CHi 
O 




50 



55 



H ; C=CH-C-0-^- CH,-^ 



O 




Xch : A_ch 3 



100361 Twoor more of these compounds may b * us ^j" ^^^^ 

with a compound facilitating color ^ el <* m <^^^ is used as a eiectron- 

referred to as Component (B): 
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R 4 R° R' 



H.C^C-fR'^-N-Ar- 



(2) 



15 




H: c=C-fR"VN N — R" 




(3) 



20 (0038J R'andRS.n.orn.u.ae^and^areeach 

Ithy., i- P ro P y., n-P-PV.. n-buty.. t-buty. and "i-J^E*^^ Larnp.es o, the diva.ent hy- 

rs and R 10 are each independently a C, — C 1S drvaiem nyarw^u 
drc^rbon residue are those as represented by the fo.«ow,ng formufce. 



_OCH 2 CH 2 — . — (OCH 2 CH 2 ) 2 — 



. (OCH 2 CH 2 ) 3 — , — (OCH 2 CH 2 ) 4 — 



-c- . 



-C-OCH ? CH 2 - 



C- (OCH 2 CH 2 ) 2 - 



35 



o 



0 



40 



-C- (OCH 2 CH 2 ) 3 - 



-C- (OCH 2 CH 2 ) 4 - 



45 



O 



o 

-<C 6 H 4 )<;H 2 — . — (C 6 H 4 ) _CH 2 -OCH 2 CH 2 - 
— (C 6 H 4 )— CH 2 — (OCH 2 CH 2 ) 2 — . 
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— (C S H 4 )-CH 2 — (OCH 2 CH 2 ) 3 — 

— (C 6 H 4 )— CH 2 — (OCH 2 CH 2 ) 4 - 
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b and c in formulae (2) and (3) are ea ch i C I or independently hydrogen or a hydrocarbon 

[0039] R« and B 7 in formula (2) and R« and R« wtor ^ ^ fesidue encornpaS ses hydrocarbon groups 
esidue having 1 to 20. preferabV 1 to 10 ^^^J^'^^^drocarbon groups are an a.ky. group such as 
and oxygen^ontaining hydrocarbon fl^^iTvl 'Snep^ and octyl groups, a.kylpheny. group such as tolyl 
methyl, ethyl. n-pro P y.. ^^^^^^^ an aralkyl groU p. The oxygen.onta.n-ng hydro- 
and ethylphenyl groups and an aryl group such as p 9 J ethoxyph enyl groups, 

carbon group may be an alkoxypheny. group ^^ e ^ 6 J^ bon re sidue having 1 to 20, P™'^* ' 
[0 040] R8 and R« are each Independent* hyd^rogen ° r a ^ and o^gen^ontain.ng hydrocarbon 

carbon atoms. The hydrocarbon res.d ue g"u P such as methyl, ethyl, n-propyl, propyl n^ 

sented by formula (a) or (b): 

00 



25 



30 



35 



AO 




wherein 



„. _ R" is as defined with respect to * in form.a (2> or R'O In ^ J^^^JSK 

^ (2) or R* in formu.a (3). R- is an alkylene group hav.ng 2 to 5 prefe y ^ 1 ^ 2 

trimethy ene and propylene groups, a' » an .nteger of 0 or I . b s an . 9 g tQ 1 2 cafbon atoms 

SSS? Ar. in formuu, (2) is a divalent substituent may be as defined wUh 

o-phenylene, m-phenylene. p-phenylene sub st.tute d phen V'™ 8* and naphthyle ne group. 

terminal ends, as represented by the formulae 



r'« r :o R- 1 



(5) 



45 



50 



IS R" and R 22 may be the same or different and are each w^"*"™* ^ res ^ to rs and R? in formula 



(2), Ar^ is as uuuuuu • — « 

defined with respect to b in formula (2), and 
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H.C-C-fR-'i-N N-^R"-^rC-CH : 




wherein R* and R 29 may be the same or different and are each '^^^^ SlS 

[0044] Aminecompounds used as a starting material may be those represented by the formulae 

R' 1 " R" 
HN — Ar— N— R- 

as wherein R30, R3« and B 32 be the same or different and are as defined with respect to R* R' and R* in formula 

(2), respectively, and 



HN 




(8) 



45 



SO 



55 



wherein B». F*» and R* nay be me same of different and at. as defined «m respect toR 11 . R ,s and R' 3 in tormula 
m£Ts£to of f» amine compound represented bytormula (7) or (8) are ph.rnfcnedttmin. .JM^ 

^Tditoly.pr«nyi.„e^ 

rTli^irmenvl-NMolyJ)hetiylenedramina. N^4^mir»ophenyl)-N.N'.N"*lritolyiptienylenQdiamina. N-(4^m.noph.ny I |N 
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nyl)-NK,N'-triphenyibenzidine, N-(4-amincphenyl)-^N'<Jiphenylbenzidine, N-(4-aminophenyl)-N-tolyibenzidine, N- 
^-aminophenylJ-N-phenyl-N'-tolylbenzidine, N-(4-aminophenyl)-N-tolyl-N , -phenylbenzidine, N-(4-aminophenyl)-N,N'- 
ditolylbenzidine, N-(4-aminophanyl)-N',N , -ditolyIbenztdinG 1 N^-aminophenyO-N-phenyl-N.N'-ditolylbGnzidine, N- 
(4-aminophenyt)-N 1 N'-diphenyl-N , -to!yIbenzidine 1 N-(4-aminophenyl)-N,N' t N'-tritoiylbenzidine, N-(4-aminophenyl)-N- 

s methylbenzidine, N-(4-aminophenyO-N-pheny(-N , -melhyibenzidinQ, N-(4-aminophenyl)-N-methyl-N-methyl-N'-phenyl- 
benzidine, N-(4-aminophenyl)-N,N , -dimethylbenzidine, N-(4-aminophenyI)-N,N'-dimethyibenzidine ( N-(4-aminophe- 
nyl)-N-phenyl-N , ,N , -dimethylbenzidine. N-(4-aminophenyl)-N,N , -diphenyl-N'-m9thylb0nzidtne l N-^-aminophenylJ-N, 
N\N*-trimethylbenzidine, N,N,N\NMetramethyl-1,4-phenylenediamine and 5,10-dihydro-5,10-dimethylphenazine. 
[0046] Acid halides to be used few the reaction with the above -described amine compound may be those represented 

to by the formula 



R 



36 



HnC=C— C— Z 
II 

o 



(9) 



wherein R 36 is as defined with respect to R 4 in formula (2) and Z is a halogen atom such as fluorine, chlorine, bromine 
20 and iodine. 

[0047] Specific examples of the reactive acid halide are chloride acrylate and chloride acrylate. 
[0048] Specific examples of Component (B) are as follows and may be used in combination: 




35 



H^C= 



O 




H 

I 



H->C— C— C— N— OCFhCH-— N 



O 




so 



CH 3 
I 

h^c=c-— c- 
II 
o 



CH, 

•N— OCH 2 CH 2 — N 
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35 



H 2 C- C— C— N 4oCH 2 CH 2 4-N — /Qy — N — CH 3 

o 



75 



CH-, 



H 2 c^c— c-n4och 2 ch.4-n — U^J), 



20 



H CH, 



CH-, 



I // — N\ * 

H 2 C = C N — (Xj) — N-CH a 



H^C = C— OCH^CH 2 N <Y V) — N-CH, 



30 



CHi 



CH 7 



H : C^C^OCH 2 CH 2 ^N-^(^') — N— CH 3 



! 40 




CH, 



Chh 
I 



-CH, 



45 




50 



H : C = C— OCH 2 CH 2 — N— \C3/ — N "" CH3 
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H 

H : C^C^OCH : CH 




HlC= i_^P>_CH^i-<Q>-Hy>-N-C" 3 



15 



20 



25 



H 

H-C=C 



H 
I 



_^(Q>_ch,-och,ch,-A-h(^MO^ N ~ CH ' 



CH, , , /— v | ! 



30 



35 



H 

H^C=C— C — N 
11 
O 




N— CH 3 




H 2 C=C— C — N 
O 




N— CH. 




40 



H^C-C-OCH^-Z^N-CH, H 2 C=C-C-OCH ; CH ; -N v ^ y N-CH, 

n ; — ( o 

o 



55 
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CH, 



H-C=C-C-OCH,CH 2 -N N-CH, H ; C=C-C-OCH,CH : - f N N-CH, 



O 



O 



o 




H 




H.C=C N N-CH, H.C=C— OCH : CH 2 — N N— CH 3 



20 





25 



H 

H 2 C-C^-OCH 2 CH 2 ^-N 




N— CH-, 



H 

H->C=C 





o 




-CH.— N N— CH, 




35 



H 

H^C=C 





CH— OCH-.CH; — N N— Chh 





H , . ^ { 

H , c= i_/^\_ CH 2 -(0CH 2 CH 2 -)jN N-CH, 
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9 H -^ V=V CH 

I / \ I 




H : C=C— C— OCH : CH : — N N-CH-CH-O— C— C=CH- 

" \ / " " II 



[0049] The ratio of Component (B) to a precursor of polymeric solid electrolyte hereinafter described is not particularly 
restricted but is usually 0.01 to 20 mass percent, preferably 0,1 to 10 mass percent. 

[0050] The molar ratio of Component (A) to Component (B) is usually 10/1 to 1 / 20, preferably 2/1 to 1 / 3. 
[0051] The term "precursor component of a polymeric solid electrolyte" (hereinafter referred to as Component (C)) 
denotes a component having fluidity which can be converted to a polymeric solid electrolyte by being cured. The 
polymeric solid electrolyte encompasses those which are substantially solid at room temperature and those which are 
gelatinized and thus exhibit almost no fluidity at room temperature. Despite that the polymeric solid electrolyte is solid 
or gel, the ion conductivity thereof is usually greater than 1 x 10* 7 S/cm, greater than 1x10^ S/cm, more preferably 
1 xlO-ss/cm. Y 
[0052] Component (C) is basically composed of a polymeric monomer and a supporting electrolyte and may further 
contain preferably a solvent and other components as required. 

[0053] Eligible polymeric monomers are polyurethane monomers, acryloyle- or methacryloyle- modified polyalkyle- 
neoxides, among which acryloyle- or methacryloyle- modified polyalkyleneoxides are preferred. 
[0054] A polyurethane monomer having an acryloyle group or a methacryloyle group at both of the terminal ends is 
represented by the formula 



O H \ HO O H /j HO 



(10) 



wherein R 37 and R 38 may be the same or different and are each independently a group of formula (11), (12) or (13), 
R 39 and R 40 may be the same or different and are each independently a divalent hydrocarbon group having 1 to 20, 
preferably 2 to 1 2 carbon atoms, Y is a polyether unit, a polyester unit, polycarbonate unit or a mixture thereof, j is an 
integer of 1 to 100, preferably 1 to 50, more preferably 1 to 20; 



to formula (11) being 



R* 11 



45 CH : =C— C— O — K— (11) 

II 
O 



so 



formula (12) being 



15 
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JO 



and 

formula (13) being 



R J1 
I 

CH^=C—C—0 
II 

41 O 

R 
I 

CH- = C— C— O- 
II 

o 



,44 



(12) 



20 



25 



R 
I 

CH^ = C— C— O — 
II 

4 . o 

R 

i 

CH- = C— C— O — R— 
II 

K»° 

I 

CH^=C— C— O— 
II 

o 



(13) 



[00S5] In formulae (11) to (13), R 41 , R 42 and R 43 may be thQ same or different and are each independently hydrogen 
or a C, - C 3 alkyl group, and R 44 is a divalent to quatervalent organic residue having 1 to 20, preferably 2 to 8 carbon 
atoms 

[0056] Specific examples of the organic residue are hydrocarbon residues such as alkyltoly groups, alkyltetratolyl 
35 groups and alkylene groups represented by the formula 



45 



1' 

-CH : 4-CH- 



(14) 



wherein R« s is a C, - C 3 alkyl group or hydrogen, k is an integer of 0 to 6 and if k is greater than 2, R« may be the 

45 same or different L ^ t „ . 

[0057] The hydrogen atoms in formula (14) may be partially substituted by an alkoxy group having 1 to 6, preferably 

1 to 3 carbon atoms and an oxygen^containing hydrocarbon group such as a C 6 - C 12 aryloxy group, 

[0058] Specific examples of R<" are methylene group, tetramethylene group and groups represented by the following, 



50 
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CH 3 ~CH 2 -CH 7 

-CH 2 -CH-. -CH 2 -C-CH 2 - . CH- 

I I 
-CH 2 -CH 2 

f 00S91 The divalent hydrocarbon group represented by R 39 and R« in formula (10) may be exemplified byaliphatic 
hydrlr^n groups, aromatic hydrcLrbon groups and a.icycfic hydrocarbon groups. The aliphat.c hydrocarbon group 
mav be an alkvlene qroup represented by formula (14) above. 

WW ?he diva.ent arc^aSc and a.icyc.k: hydrocarbon groups may be exemplified by hydrocarbon groups repre- 
sented by the following: 



(15) 



25 



48 



50 



R 
I 

C 
! 

R 



49 



51 



(16) 



35 



40 



R 4S 

— C-R— (17) 



[0061] lnfoimula(15)mK>ugh<17).R«an^ 

arouo a substituted phenylene group (alkyl-substituted phenylene group), a cycloalkylene group and a substrtuted 
^grout (Xl-substLed'cVclca.ky.ene group), and R-, R» and may be the same or d,fferen, 
as and are each independently hydrogen or a C 1 - C 3 alkyl group and I is an integer of 1 to 5. 
[0062] Specific examples of R*> and Pfl° in formula (1 0) are the following divalent group: 



-CH 2 CH 2 CH 2 CH 2 CH 2 CH 2 - 
— H^C CH : — 



55 
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(CH,"h (<j:H,) 2 




70 



75 



H,C 



o 



20 



25 





30 



3S 



H-?C 




-CH->— 



-CHi 



wo [00631 In formula (10). Y indicates a polyehter unit, a 
Each of these units is represented by the lollow.ng: 



polyester unit, a polycarbonate unit or a mixed unit thereof. 



AS 



(<-> 



so 



\ o o 



(<!> 



o 




(<-■) 
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10 



is 



20 



— (r 57 - oc-o-|r 57 - o— 
o r 



(0 



c, nS3 D S4 r55 RS6 ari d R S7 may be the same or diHerent and are each 
[0 0641 .n 1ormu.ae (c) through (d). Fft ^ ably 2 V to 12 carbon atoms. through R 57 are 

Independent* a divalent hydrocarbor , residue jtejno Mo2Q ^ ^ rM ^ m 

each preferably a straight-cha.n or branched alkylene gro jp p , ene ups . Specific examples of ' R ' 

methylene, tetramethylene, pentamethylene. J^ 0 ,^ 0 7 2 to 300. preferably 10 to 200. rf .s an .nteger 

Rss, R ss ^ R57 are ethylene ^.^"-^^^Sly 2 to 100. e" is an integer of 1 to 200. preferably 
of 1 to 300. preferably 2 to 200. e' « an .nteger of 1 to 200, preier y 

2 to 200. r is an integer of 1 to 300 «"2^°J^L be ^ same or deferent. In other words |f there exists a 
10065] In formulae (c) through (I), each of the units may do sgme Qf dlfferent . 

pSy of the groups of ** through R . the ^£££JESw ™' ecular Weight *" ^ 

fooeq -me polyurethane monomer of foonuta ( ^ prefer f bly 2 to 4 functional groups per molecule. 

to 30.000. preferably 3,000 to 20.000 and has ^^^^ WV eritl<x^ rtwlnod. 

The polyurettene monomer onormu.a(1^^^^ 

[0067] Theothereligiblepolymenc.™^^^ 

oxides (hereinafter referred to as oT in combination. It is particularly preferred to 

functional modified po.ya.ky.ene oxide^ ^aaa^ta «ed^«ng ^ in corn bination with a difunctiona. mod- 
use a monofunctional modified lite particularly preferred to use a mixture of a 
Hied po.yalky.ene oxide and / or a po.yfunct.onal ^J^^,^ p o lyalky lene oxide. Although not restr.cted 
monofunctiona. modtted polya.ky.ene ox.de ^-JJS JJkJZ* oxide should be added « a to al 

™^ 

Sfmonofunctiona, modified po.ya.ky.ene oxide is represented by the formuia 



58 



35 



40 



45 



SO 



55 



R 

CH .= C— CO- 



R 5y R 00 \ 
CHCHO-^ R 



61 



(18) 



, u ^ «„r a r alkvlqroup and g' is an integer of greater 
whereinR 58 (R S9 RBOandReiareeachindependentlyhydrogenoraC, C 6 alky.lgr p 

._ : i hvdroaen or 



than 1 . 



n — , n — . ri <="»~ ■ ■ 

La, 2 to 20 ol ccyaW-n uniu. such » "^^SSSw>S2~ 9 l,e»T m ^.OT«=. m.Wpol,.lhy o™ 
M 1 10 50. preloraW, 1 .o 20 oxygen. ««1.-«M '^'^^M.. «l2Spo««Wl-" • 
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R « R w \ R 65 

• -J-C- C=( 
/h'll 



II I (19) 

CHCUO-hC— C = CH : 



O 

wherein R 62 , R«. r<* and R« are each independently hydrogen or a C, - C s alkyl group and tf is an integer of greater 
w JSSfl' The polyfonctional modified po.ya.ky.ene oxide having more than 3 functiona. groups is represented by the 
formula 



I / i 

-cc 
II 
o 



CH 2 =C-CO-(- CHCHO-)^ 



(20) 



35 



40 



AS 



wherein R». pfii and R 68 are each independently hydrogen or a C, - C s alkyl group, P is an integer of greater than 1 , 
I' x* an intsoerof 2 to 4 and L is a connecting group of valence indicated by q. 

007^ In formula 7i9) R« R 63 R 64 and rsI may be the same or different and are each independently hydrogen or 
f£?cJ JSl ^S,rspeci.i'c examples of the aM group are methyl, ethyl, i-propyl. n-propyl, n-butyU-bu^l anc n- 
penty. groups. S is preferred that F** is hydrogen or methyl group. Ff» ia hydrogen or methyl group. R<* .. hydrogen 
or methyl group and R 65 is hydrogen, methyl or ethyl group, nrpferabrv 2 < 

[0O76] Win formula (19) is an integer of greater than 1 and within the range ol usually 1 S h S 100. preferably 2 = 

?oo™°' 7ZmcZTZi^S mP oun6of formula (19) are those having 1 to 100. preferably 2 to 50. more pret- 
2Z? 2 2£ 5 ox^S'n units, such as po,yethy,ene g.yco. dimethacrylate, po.ypropylene glycol d.methacrylate, 
polyethylene glycol methacrylate. polypropylene glycol dimethacrylate. and mixtures thereof. oxvalkvlene 
$S| If h- is greater than 2. the difunctiona. modified pofya.kylene oxide may be tt"^^^^'^ 
units that is copolymerized oxyalkylene units which may be alternating-, block- or random- polymerized and have 1 
"oSpre^ 

^o^to^yWWene V pro P ylene) g lycol dimethacrylate. polyethylene . propytene)g,yco. diacrylate and 

oTthe alky, group are methyl, ethyl, i-propyl. n-propyl. n-butyl. t-butyl and n-penty. groups. R 6S , Ft" and R*a are each 

gSf? !^^TSl?Sr or greater than 1 and within the range o, usually 1 S r S 100. preferabr, 2 £ r 
S 50, more preferably 2 S i' S 30. _ 

[0081] f denotes a number of connecting group "L' and is an integer of 2 £ j S 4. oreferab | V 1 

ronfl2i Connectinq croup "L" is a divalent, trivalent or quatravalent hydrocarbon group hav.ng 1 to 30, preferably 1 
^Lrbo The divalent hydrocarbon group may be alkylene. arylene. aryla.kylene and alkylarylene groups 

are methylene group, ethylene group and a group represented by 



CH a 

so j 

-Bz-C-Bz- 

55 j 

CH 3 



20 
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those represented by the following formulae : 

CH 2 - 
-CH 2 -C-CH 3 



CH,- 



! 

20 



25 



CH,- 



-CH,-C-CjH r , 



CH 



and 



35 C H v C H 2 

-CH 2 CH 2 -Bz-CH S CH 2 - 

40 

graups and hydrocarbon groups having these groups as a base skefcton. Specf.c examples of the quatrava.ent hy 
•*s drocarbon are those represented by 

CH,- CH 2 CH 2 - 

I I 

-CH 2 -C-CH 2 -. -CH 2 CH 2 -Bz-CH 2 CH 2 - 

I i 
CH ' CH 2 CH 2 - 



50 



55 
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SSS TeSffc eX.es of ho compound o. formuta (20) are those having 1 to ,00. pre.erab.y 2 to 50, more prrt- 

Se^glyS^eftaaaytele). trimethylolpropa^etri (polypropylene glyco. acryfcte). t ™°^P'^ ,e, "^P^ 
ffie^^nShaac JL). letramethytolmethaneteMpolyethylene glycol acrylate). te.ramethylo methanetetra 

eafhoJ/^^ 

Seme eiplesXch compounds of formula (20) having 1-50, preferably 1-20 of oxyethylene unto ^ and 1-50, 
orele al,! S of oxypropylene units are trimethylolpropan e tri( P o. y (eth y .ene ■ P ro P ylene)g>yco. acrylate), tnme«vW- 
ZZ^ZLoW^uZne propylenejglycol methaacry(ate), , e .ramethylo.meth a netetra( P oly(ethylene - propylene)gly- 

• ^'^T^^^ modified 
rooaei There may be used the Afunctional modified polyalkyleneox.de of formula (19) and the polyf unct.onal 
SyaLe^oxidTof formu^ (20) in combination. When these compounds are used in comb.nat.on, the weight rajo 
fi expound' is within Ihe range of 0.01 / 99.9 - 99.9 / 0.01 , preferably 1 / 99 - 99 / 1 . more preferably 20 / 80- 

(C 3 H 3 );NBF 4 , 6 (C 2 H s ) 4 NB F4 . (n-C 4 H 9 ) 4 NBF 4 . (C 2 H 6 ) 4 NBB. 

acid phosphoric acids, sulfonic acids and carboxylic acids. 

rnnani PHnihi^ alkalis are sodium hydroxide, potassium hydroxide and lithium hydroxide. 

K Sfp£2£5 SaSyTeric solid ele«ro*te referred to as Component (C) is preferably prepared by us.ng 
so a solvent in addition to the above-described polymeric monomer and supporting electrolyte. 

?0Ma ^ Bio^rsolvlts are organic polar solvents such as methanol ethanol, propylene carbonate ethylene car- 
E dime hylsuSde dimemoxye^ane. acetonitri.e, r-butyrolactcoe. r-valerolactone. ^'^^ 
m^rdim^hoxyethane tetrahydrofuran. propionnitrile, glutaronitrile, adiponitrile. methoxyaceton.tr.le, d.methylace- 
^demlmyTpy^ 

35 ™iene carbonate ethylene carbonate, dimethylsulfoxide. dimethoxyethane, acetonrtnle. r-buty olactone, sulforan. 
Zotne «,oramide, tetrahydrofuran. adiponitrile, methoxyacetonitrile. 

inone. dimethylsulfoxide. trimethylphosphate and polyethylene glycol. These organ.c polar solvents may be used s.n 

^soSS added h an amount of 50 to 1.200, P referab,y 100 to 900 more P^J^S^ 
40 by weight, per 100 parts by weight of the polymeric monomer. The supportmg electrolyte » added « an amount of 0.1 
to 30, 1 to 20 weight percent of the solvent. . mAi . rtf1 ^ trt1 o m 

raOMI When the polyurethane monomer of formula (10) is used, the solvent » usedin an amount of 100 toJL200 
n=rt7hv wliaht ner 100 oarts by weight of the polyurethane monomer. When the modified polyalkyleneoxKie of formula 

- amount of 50 to 800, preferably 100 to 500 parts by weight, per 100 parts by 

45 SS ^T^IXZ^ is used, the supporting electrolyte is used in „ , amount o, 1 to 30, 
oreferablv 3 to 20 weight percent, of the total weight of the modified polyalkyleneoxide and the solvent 
fSSSlf necessary optLa. components may be added to Component (C) to an extent that the achievement of the 
S£L t pTs^Cention is not h^dered. Such optional components may be P**™**^ '^"rs ano 

so photo polymerization initiators and thermal polymerization initiators, cross l.nkmg agents, polymers, gelat.n.zers and 

UmerizatL inLtor is used in an amount of 0.1 to 10, preferably 0 1 to 5 P^^^"^ 0 7K 
of the polymeric monomer. The thermal polymerization in.tiator .s used .n an amount of 0.1 to 10, preferably 0.T to 

SLXSe! polyme^crylate. polyamide. po^crylicamide. cellulose, polyester, polypropylene ox.de and 



nafion. 
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[0099] Eligible gelatine are oxyethylene methacrylate, oxyethy.ene aerylate. urethaneacrylate. acrylicamide and 

WO* 1 1f the polymeric monomer in Component^) is the [^^^^^^^^^^Ti 
portent (A) to the polylunctional polyalkylene oxide » w«hm the range o( 1 / 0.001 to 1 / 1 , particularly P y 

a benzophenon skeleton represented by formula (23) or (24): 



70 



75 



25 




HO R ™ 



R /l — O-C— C=CH 2 



as 



40 



4S 




(22) 

O OH O R 77 

R '?_ c-OCH 2 CH-R 7G - 0-C-C=CH : 



55 
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20 



2S 



35 



AO 



45 



SO 




86 



-C-OCH^CH-R 51 - O- 

" Lr 
O OH 



-C— C=CH : 

o l- 



(24) 



R «^C-OCH,CH-R' X -0-C-C=CH n 
O OH ° R 



y 



orauos B 66 and R 73 are usually subst.tuted at the 4- or 5; P° s, "™° are hydroga n or an alkyl group ha V .ng 1 to 10. 
preterably 1 to 6 o3@ aad R®® ars each indepsndsntly a ■ C^q alKyisney w , up such 

pounds may be used in combination: 



55 
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CI 




HO C(CH,X 

(ch ; -^-o-c-c= 



O CH, 

II I 



CH^ 



15 



so 




:(ch,) 3 



O CH, 
CH ,4-o— C— C=CH : 



30 



CI 



HO , C ( CH 0? 




N 



- OH 

f CH .J-C-OCH 2 GH-CH 2 -0 C-C=CH : 



O CH, 



35 



f 40 




fcH.A-O-C-C^CH: 
V * J* II I 

O CFh 



45 




^-CH^-j^O— C-C-CH; 
\ " A' II I 

O CH 3 



55 
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O— C— C=CH- 
II I 
O CH-, 



O CH, 
II I * 
O— C— C=CH^ 




O— C— C — CH^ 
II t 
O CH, 



75 



20 



25 



HO 




H.Vc- OCH-CH— CH-i-O— C— C = CH : 
'J- || "I ~ II I 

O OH O CFU 



55 




H,\rC- OCH^CH— CH.-O— C— C= CH. 
II "I II I 

O CH, 



o 



OH 



CH^Vc-OCH^CH— CH.-O— C— C=CH : 
-/- ii "I " II I 

O OH O CHi 



[0110] Component (D) is used in an amount of 1 to 500, preferably 5 to 200, more preferably 10 to 100 miliimole, 
per mote of the polymeric monomer in Component (C). 
45 [0111] Without using Component (D), it is possible to impart the inventive device with stability against ultraviolet rays 

by the following method: 

(1 ) mixing a composition containing Components (A), (B) and (C) with an ultraviolet absorbing agent before curing 
the composition to form an ion conductive layer; and 
so (2) providing an ultraviolet absorbing layer at any site of the electrochromic device. 

[0112] When method (1 ) is employed, the ultraviolet absorbing agent is used in an amount of 0.05 to 40, preferably 
0.5 to 20 mass percent of Component (C). 

[0113] in the case of employing method (2), the ultraviolet absorbing layer may be arranged in any iocatton ot me 
55 device For instance, the ultraviolet absorbing layer may be arranged on the outermost surface ot the device through 
which light passes through or between the substrate and the electrode located at the side of the device subjected to 
light The ultraviolet absorbing layer may be formed by any suitable method. For instance, the ultraviolet absorbing 
layer may be formed by applying an ultraviolet absorbing agent dissolved in a solvent at a selected position and then 
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distilling out the solvent. Eligible ultraviolet absorbing agents for methods (1 ) and (2) are compounds having a benzo- 
ic? rZ^X^Z^^ having a benzotriazde ske.eton are those represented by the formu.a 




(25) 



OOH 



is 



20 



25 



I011S1 In formula (251 R 92 is hydrogen, a halogen atom or an alkyl group having 1 to 10. preferably 1 to 6 carbon 
SIS lie SogJn atom mi be ferine. chtoL, bromine and iodine. Specific examples of the alky, group are 
Wyl. buty.. t-buty. and cyclohexyl groups. R 92 is substituted at the 4- or 5- ^posmon , the 
benzlS s'Xon Lthe halogen atom or the alky. group are usual l* located at the 4-pos, .on. PP - hydrogen 

: SMSJand propane- Specific examples of the ^ 

rm ifil qoecific examples of the compound of formula (25 are 3-(5-chloro-2H-benzotriazole-2 yl) & (1,1 -aimeiny 
^LXT^Zl^ acid. 3-(2H-ben 2 ot ri azo.e-2-y«)-5-(1 .1 ^methylethyD-4-hydroxybenzene ethano.c 
acid 3-(2H-benzptriazole-2-yl)-4-hydroxybenzeneethanoic acid and 



30 



OH O 



(26) 



OH O 



OH 




O n - 

R *i- cooh (R 97 )-; 



HOOC— R 

«J7 




On' 



(27) 



40 



SO 



55 



OH O 



OH 




OH O 



r 1 ^_ COOH 



HOOC— fC 




(28) 



(29) 



On' 



[0118] in the above formulae. R 96 and may be the same or d«ferent and « ^^JSS^O ^JS^S 
group an alkyl or alkoxy group having 1 to 10. preferably 1 to 6 carbon atoms m' and n a e an ^ ™ " 

and 0 <= n' S 3 Specific examples of the alkyl group are methyl, ethyl, propyl, .-propyl, butyl, ^ J^g?^ 
groups Sp^ific examples of the alkoxy group are metnoxy. ethoxy, propoxy, \^^^S^^£i 
aSene group having 1 to 10. preferably 1 to 3 carbon atoms or an alkylidene having 1 «° ""^^^fc^" 
atoms. Specific examples of the alkylene group are methylene, ethylene. Methylene and propylene. Specific exam 
pies of the alkylidene are ethylidene and propylidene. ^vHroxv-i-methoxvbenzophe- 
[01191 SpecHic examples of the compound having a benzophenone skeleton are f ^1^2SSS^-Miy- 
none-Uarboxylic acid. 2.2^ihydroxy-.-metho X ybenzo P henone-5H ;a rboxyl.c ac.d and 4-(2-h y droxybenzoyl) 3 hy 

droxybenzene propanoic acid. 
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10 



15 



20 



25 



30 



35 



and an ion conductive layerdisposed therebetween wh,ch Jay danotgs „ lncrease , n 

Co^on-ts (A) ttrouo* (O and C-PO-UO^ = polyconden- 

SSsasaasssBSsssss sesaawa 

x^.pre ( er4l y greaterthan 1 x 10*. 7" ^SSdSTcJT ^ o 3 mm, preferabty lO^to 1mm. 
EJUS formed by curing a composition ff-^fSS^o - «^ substrates disposed ,n 

S2LJ!L£-.. F« w—. « » ^h. ova™, and apa* 

. - ...ifnMa mannflr. 



40 



45 



liquiu ^uima * — — v 

be seated in any suitable manner. 
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^ -r M (A,> \?2Z22Z^~2XZ^ 

materia! layer 14 in this order over a transparent wtaUate .n -n substra te 17 in the aforesa.d 

(B-) is obtained by forming an °P a <-"<^ with a space oM to 1 ,000 ^m so 

substrates 11, 15 are each prepared by form.ng a ^^^^^^^ respect to the device of Fig. 
substrate 12, the dimmer gfass is producec HyM P£J* ^"£^1 .teclriily conductive substrate 
1 . In the case of the electrochrom.c m,rror shown « F * * a«« prep^a^ P re{leclive electrica „ y 

by forming a transparent eiectrode .ayer 1 3 ^TJ^^' ^^S^ or a transparent substrate 1 2 and 

to 3. However, the present tnvent.on » not restricted tc .these pari* ^ re(lectlve 

s^rxrstrs^T" » >— - «-> — OTb ° d "™" s °' - p " >5 "" 

25 invention, and no limitation of the invention is implied. 



Example 1 

(1) Synthesis ot Bipyridinume Compound 



[0 13 8] Bipyridine was reacted with an e.uimoiar amount of ^^^^^^^^£5^ 
pyridiniurnc'h.oride. 5.94 g (21 mmol) of the ^ e "^" d '^ followed 



35 by the formula 



f 40 



45 



H^C=CH 




(30) 



(2) Synthesis of Amine Compound 

of 1 20 'C in an oil bath, followed by 24-hour stlrn "9 precipitated. The solid thus obtained was 



55 
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15 



20 




formula 



NH7 



25 



35 



AO 




sti™! u«tof ic« eootag dt.r ««*>g a*""*" j f. E^t^u. soMio*. «w and a 1 NNaOh aqueous solution, 

pound represented by the formula 



45 



O CH 3 
II I 
NH-C-C=CH : 



55 
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(3) Synthesis of Ultraviolet Absorbing Compound Having an Ethylenic Double Bond 

[0145] To a 300 ml three-necked flask was charged with 18.3 g (49 mmol) compound of formula (34) shown below, 
60 ml of diglyme (diethylene glycol dimethyl ether) and 0.9 g (7 mmol) of dimethylbenzyiamine. A solution obtained by 
£ dissolving 7.7 g (54 mmol) of glycidyl methacrylate in 20 ml diglyme was added dropwise to the mixture and then 
reacted by heating for 1 3 hours. Even after cooling the resulting solution, it is observed that the solution had no insoluble 
substance and was transparent. 

[0146] The solution was poured into methanol to be precipitated. The solid substance thus obtained was vacuum- 
dried thereby obtaining 18.9 g (37 mmol) of a compound represented by formula (36) shown in below 

70 



15 




H-C— CH— CH--0— C— C=CH 2 (35) 
~ \ / " II I 

O O CH^ 




HO C(CH 3 ) 
N V— < 



V \ » 1 HI" 

rCH 2 4 r C— OCH : CH— CH;-0 — C— C=CH Z (36) 



OH O CH, 



(4) Production of Electrochromic Mirror 

[0147] A laminate was prepared by forming a thin film of palladium as a highly reflective electrode, over a substrate. 
An epoxy sealant was applied in the form of lines along the peripheral edges, except for a portion to be used for injecting 

45 a electrolyte precursor solution, of the palladium film layer of the laminate. A transparent glass substrate coated with 
SnO, was superposed over the laminate such that the SnC^ surface and the palladium film layer face each other and 
then the epoxy sealant was cured with pressurizing thereby producing a hallow cell with an injection port. 
[0148] On the other hand, a homogenous solution was obtained by adding 0.4 g of lithium perchlorate to 4.0 g of a 
mixed solution of 1 .0 g of methoxypoiyethylene glycol monomethacrylate (the number of oxyethylene unit: 4) manu- 

so factured by SHIN NAKAMURA CHEMICAL CO. LTD. under the trade name of ME04, 0.02 g of polyethylene glycol 
dimethacrylate (the number of oxyethylene unit: 9) manufactured by SHIN NAKAMURA CHEMICAL CO. LTD. under 
the trade name of 9G and 4.0 g of -y-butyloiactone. To the homogenous solution was added 0.02 g of a photopolymer- 
ization initiator. 1 -(4-isopropylephenyl)-2-hydroxy-2-methylpropane-1 -on manufactured by MELK CO., LTD. under the 
trade name of 'Diecure-1116" in adark room and further added 0.85 g (1.84 mmol) of N-benzyl-N'-vinylbenzylbipyrid- 

ss inium chloride obtained in the above procedure (1), 0.60 g (1.84 mmol) of the amine compound of formula (33) and 
0.95 g ( 1 .84 mmol) of the ultraviolet absorbing compound having an ethylenic double bond of formula (36). The resulting 
homogenous solution was injected into the cell obtained above after being dehydrated. 

[0149] After the injection port was sealed with an epoxy sealant, the solution in the cell was cured by exposing the 
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side of the transparent substrate of the cell to fluorescent light thereby obtaining an electrochromic polymeric solid 
electrolvte and also an all solid type electrochromic mirror of the structure as shown in Fig. 3. 

mTsor^^ assembled was not colored and had a reflectance of about 80 %. The mirror was quick «n 

es^se^e ectnJ vottage and exhibited excellent electrochromic properties. The mirror was colored upon apph- 
s SETS 'avoTtega of 1 .2 V and had a reflectance of 10 %. Coloring and bleaching operations were repeated every 10 

seconds but no remnant coloration was observed after the lapse of about 200 hours. 

rmsn When the electrochromic mirror was broken, no medium scattered and flowed out. 
0 52 SSSSSn Hght was irradiated to the e.ectrochrom* mirror when it was 

Si 2 V Alter terminating the application of the voltage, the reflectance of the m.rror was recovered from lOAtoBO^ 
,o t a resufof th' the eLtrcchromic device using the polymeric sold electrolyte according to the present ,nvent,on 
is superior in resistance to deterioration against ultraviolet rays. 

Example 2 

)5 (1 ) Synthesis of Bipyridinium Compound 

roiS31 3 1 2 g (20 mmol) of bipyridyl was dissolved in 100 ml of acetonitrile in a flask, followed by addition of 6 .10 g 
(£ mmo.)'of ^iromethyistyrene <m- and p- isomers mixture) and 50 mg (0.45 mmo,) of an polymery pro h,b,tor. 

obtaining 7.84 g (17 mmol) of N.N'-divinylbenzylbipyridinium dichioride represented by the formula 



H-C=CH 




45 



SO 



55 



(2) Production of Electrochromic Smart Window 

[01551 An electrically conductive substrate was prepared by coating the surface of a transparent glass substrate with 
TO An epoxy sealani was applied in the form of lines along the peripheral edges, except for a port.on to be wadto 
Z S PrecuTsor solution, of the ITO layer of the substrate. A transparent glass substrate coated wUh 
Er^Zi over the ITO coated substrate such that the .TO surface and the platinum surface face each 
o*er a ndThen"he ^sealant was cured with pressurizing thereby producing a hallow cell with an ,n,ect,on port. 
r<MS61 On the otheVhand a homogenous solution was obtained by adding 0.4 g of l.th.um perforate to 4 0 g of a 
S^^To ^^o^ye^ grycol mc.omethacry.ate (the number of gJJJJ^^ 
<^t„roH hu chim NAKAMURA CHEMICAL CO. LTD. under the trade name of M40GN, 0.02 g ot poiyetnyiene giycui 
SS^iJ^^SS^. unit: 9) manufactured by SHIN 

the trade name of 9G and 4.0 g of r buty.olactone. To the homogenous solution ^^^ fl ^ a g^£STe 

;srr=^^^^ 

SL^fficSii. Tli resulting 'homogenous solute was injected into the ce.. obtained above after be.ng 

fotsT^terthe injection port was sealed with an epoxy sealant, the solution in the cell was cured by exposing |both 
Z^Z ofl^ZZesceni light thereby obtaining an e.ectrcchromic polymeric solid electrofyte and a«so an 
all solid type electrochromic smart window as shown in Fig. 1. 

roiS81 The smart window when assembled was not colored and had a reflectance of about 90 M. The mirror was 
EL reTinTe toan el^rvoltage and exhibited excellent electrochromic properties. The m.rror wascolored upon 
qu ,ck.n response^toane.ectr«voi«g tra nsmittance of 633 nm wavelength light. Coloring and bleachtng 

ooeS'werer^ 

[OlsT Whe^ ^thTeT^rLic smart window was broken, no medium sandwiched between the substrates scat- 
tered and flowed out. 



32 



-^« = m a intoolbar = bo ttftmde 33 of 40 
n ■ ■■■u./-ornm -M n^ffetch/EKMOOT STBexpcTfro^^ 



70 



75 



EP 0 995 786 A1 



Example 3 



(1) Synthesis ot Bipyridinium Compound 
sented by the formula 



H^C=CH 




ch,-n'OHO N " CH: " < 0 ) 



BF 4 




(38) 



25 



30 



(2) Synthesis ot Amine Compound ^ ^ 

[0 1 621 To tO O 9 (39.9 mmo.) of 
S.ofmethy.en^ 

ch.oride. After stirring at room ^P^ 0 * f ^ respective* and dned over NaSQ, 

(40): 



35 



40 



HOCH-CH; — N 




N— CH^CH 2 OH 



(39) 



so 



CH;, 

H : C=C-C-OCH;CH;-N 
O 





CH 3 

N-CH;CH;0-C-C=CH: 

o 



(40) 



55 
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/-« Production of Electrochromic Mirror 
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absorbing compound. 
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substrates at least one of which is transparent, 
said formula (1) being 



35 of 4C 



25 



45 



50 



55 



R l > , 

H 2 C=i{c-0-\-R?-N(^--^N + -R 3 
O 3 Y~ 



(1) 



whereinX-andY-arothesan^^^^ 

SSn or oxygerUoniaining hydrocarbon group and a is an .ntager of 0 or 1 . 
said formula (2) being 

f ?' (2) 

H 2 C=C-fR'-)j-N-Ar!— N-R" 



wherein R 4 is hydrogen g^^'J^j^g ^'(jjii^rln^and^weacli hd^endGntw'^y^'oS®"^^^'" 

containing hydrocarbon group and Ar 1 ts a C 6 - C 20 divaiem aromd y 



said formula (3) being 



R 9 




H 2 C=C-(-R 10 )j r -N N R 



n (3) 




oxygen-containing hydrocarbon group. 

^e e.ectrochromic device according to e«m 1 which has ^ ion conductive iayer further containing (d) an ul- 
traviolet absorbing compound having an ethylenic double bond. 

v*e,<» H> It select.d Irom th. grow p.ph.nytai., alkyl-subsliluwd ph.- 

constating of m.thyta., etnyleno. » » ««W «"> «"»• con ' 

and vtnylbenzyl, and groups represented by 
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-^ch 2 ch z o^t- 



and 



!l ' 

-CH.OC— C— CH 3 
~ ll 

10 O 
is group consisting of groups represented by 

r C— OCH-CH 2 

— OCH.CH, (OCH : CH.) 4 , |j • U " 

I ' O o 
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(C „ v_CH 2 (C 6 h 4 )-ch : -och 2 ch 2 — 

C-<OCH-,CH,V- (C 6 H4) ^-"2 , v 

11 ' 

o 

and 

_(C 6 H 4 )-CH2-(OCHiCH;*r- , 
R6 R7 r" and R' 2 are each independently selected from 9 ™^^^^^n^l^d e^^^'^*°^ P ^f 

ohenviene and naphthylene groups. 

> ■ ==r= ^==^= 

■ :s:= =====^-====-- 



R / R R \ 
42=ss i_CO-^ CHCHO^ R 



45 <; K „59 n W' 

. , ,« (18) 

6 



50 



55 



r- r alkvl aroup and g 1 is an integer of 
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r ( f r ) f 

CH : =C-CO-V CHCHO-^C-C=CH : 



8 



herein pea R« R" and R« are each independently hydrogen or a C, - C 6 a.kyl group and h' is an integer of 
heater than 1 and a p^unctiona. modiied po.ya.ky.ene oxide represented by the formuia 



R 66 R 67 R 68 

" ' CH^i-CO-e CHU^j-L m 

wherein R 66 R 67 and are each independent* hydrogen or a C, - C 5 alky, group, i' is an integer of greater than 
Ty Is anTteger of 2 to 4 and L is a connecting group of va.ence indited by q. 

of said monofunctional polyoxyalkylene oxide. 



45 



so 



55 
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FIG.1 
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